Introduction
============

Combination highly active antiretroviral therapy (HAART) plays a key role in mitigating the human immunodeficiency virus (HIV)/acquired immune deficiency syndrome (AIDS) epidemic by reducing morbidity and mortality.[@b1-prom-6-053]--[@b3-prom-6-053] According to international guidelines,[@b4-prom-6-053]--[@b6-prom-6-053] all adults with HIV infection should be offered HAART regardless of CD4 cell count, either because of recent observational data indicating that any patient may benefit from HAART or on the basis of epidemiologic results stressing that the risk of transmission of the virus is lower in those receiving antiretrovirals than in naïve patients.[@b7-prom-6-053],[@b8-prom-6-053] If there is no CD4 cell count threshold at which starting therapy is contraindicated, the strength of the recommendation and the quality of the evidence supporting initiation of therapy increase as the CD4 cell count decreases because of considerations related to specific clinical conditions, possible drug-drug interactions and toxicities, limits in patient compliance/adherence, and the risk of emergence of resistance that may limit the long-term effectiveness of HAART.[@b7-prom-6-053] The recent development of the single-tablet regimen (STR), ie, one pill once a day, has been an important development in the optimization of antiretroviral regimens.[@b5-prom-6-053] Such optimization has the potential to improve long-term adherence, virologic efficacy, clinical outcomes, and patient quality of life.[@b6-prom-6-053]--[@b9-prom-6-053] The development of HAART represents one of the most remarkable accomplishments in medical history. The goal of HAART is to reduce viral replication to below the limit of detection of standard clinical assays. A relevant unresolved issue is the CD4 cell count at which HAART should be started in patients with asymptomatic infection. Current guidelines indicate a 500 cells/μL threshold, but, in many instances this threshold has been questioned and the concept that HAART should be offered to any person infected with HIV irrespective of his/her immunological status is supported by many clinicians.[@b3-prom-6-053]--[@b6-prom-6-053] However, even in developed countries, the problem of costs for national health services may play a role in deciding how and when to start HAART in a naïve patient.

Patients and methods
====================

The aim of the present study was to assess the cost-effectiveness of different treatment strategies in a large clinical cohort of naïve HIV-infected adults to identify the potential role of STR in the management of HIV infection. This was a single-center cohort study in adults diagnosed with HIV infection between January 2006 and June 2012. All patients diagnosed at our center within that period were included. Data were collected from the clinical electronic database (Netcare; Healthware SpA, Naples, Italy) and included demographic characteristics, blood HIV-RNA level and CD4 count before HAART, number and type of HAART regimens, total duration of HAART exposure, HIV-RNA level and CD4 cell counts over time (two determinations per year). The study analyzed the cost and effectiveness of the first HAART dose for HIV patients, through 6 years analysis. After being entered into the analysis and receiving one of the antiretroviral regimens, the patient could slide through eight health states, defined by the variation of CD4 cell counts and HIV-RNA levels, one acquired immune deficiency syndrome state, and one death state. Overall, the analysis was performed according to the intent-to-treat approach: a patient was considered to be on a given HAART regimen according to his/her baseline treatment, but in the case of treatment change/discontinuation, drug costs were calculated accordingly. To define use of STR, because of prescribing indications in Europe, we considered several different scenarios in the sensitivity analysis: starting with tenofovir + emtricitabine + efavirenz and then switching to STR; starting with any efavirenz-based once-daily regimen and switching to STR; and starting with any HAART regimen and then switching to STR.

Resource utilization and cost-effectiveness analysis
----------------------------------------------------

Resource consumption associated with the patients was calculated on the basis of direct health care costs that included antiretroviral treatment (HAART), hospitalizations (Diagnosis-Related Group), visits and laboratory examinations to monitor HIV infection, specific additional examinations (eg, magnetic resonance, tomography, endoscopy), and chronic non-antiretroviral therapies (eg, lipid-lowering, antidiabetic, and antihypertensive agents). These data allowed us to calculate the direct costs and effectiveness of each drug regimen. Cost data were collected from the clinical electronic database (Netcare). The analysis was carried out from the point of view of the Italian National Healthcare Service (Servizio Sanitario Nazionale). The effectiveness indicators considered were utility scores as evaluated by quality-adjusted life years (QALYs).[@b10-prom-6-053] The utility values associated with the eight health states identified by the CD4 cell count[@b11-prom-6-053] published in the study by Simpson et al were calculated using the EuroQol-5 Dimensions questionnaire (<http://www.euroqol.org>). For CD4+ values \>500 cells/μL, the utility score was 0.9460; for CD4+ values of 351--500 cells/μL, the utility score was 0.9330; for CD4+ values of 201--350 cells/μL, the utility score was 0.9310; and for CD4+ values \<200 cells/μL, the utility score was 0.8300. The incremental cost-effectiveness ratio (ICER) was used to evaluate cost-effectiveness. The ICER analysis was performed in order to calculate cost per QALYs gained. ICER provides the additional resources that have to be used to achieve the additional benefit. When the value of a new therapeutic option needs to be assessed, the ICER is calculated as the difference in cost divided by the difference in effect between alternatives.[@b11-prom-6-053]

Statistical analysis
--------------------

The analysis was undertaken using Microsoft Excel 2010 (Microsoft Corporation, Redmond, WA, USA). Descriptive results are presented as the mean ± standard deviation and percentage with 95% confidence interval. All tests were two-sided and a *P*-value less than 0.05 was regarded as being statistically significant. Finally, we performed a one-way sensitivity analysis in order to evaluate if the switch to STR from other treatment regimens results in changes in costs and QALYs versus the base case scenario.

Results
=======

Baseline characteristics and patient disposition
------------------------------------------------

A total of 741 subjects who were initially diagnosed with HIV infection between January 2006 and June 2012 and started HAART were included in the present analysis ([Table 1](#t1-prom-6-053){ref-type="table"}). Most of the subjects were Italian (72%), with 13% of cases being of sub-Saharan origin. Twenty-six percent of the patients were females. At diagnosis the mean age was 39±10 years, the mean CD4 cell count was 266±229 cells/μL, and the mean viral load was 192.821±344.744 copies/mL. At presentation, 24.8% of patients had an acquired immune deficiency syndrome-defining event according to the 1995 Centers for Disease Control and Prevention revised classification. Thirty patients (4%) died during the follow-up period, 85 (12%) were lost to follow-up, and 17 (2%) moved to other centers; therefore, 609 patients (82%) continued to be treated. The mean Kaplan--Meier estimate of follow-up was 67 months (95% confidence interval, 65--69).

Drug use and additional costs
-----------------------------

Most commonly used backbone was tenofovir + emtricitabine (77.6% of cases), while zidovudine + lamivudine was used in 10% of subjects, lamivudine + abacavir in 3%, and other nucleoside reverse transcriptase inhibitor (NRTI) combinations or NRTI-free regimens in 9.4%. Most therapies were non-NRTIs, (52.8%). The third drug in the combination was a boosted protease inhibitor in 44.1% of cases, and unboosted protease inhibitors and integrase inhibitors accounted for the remaining 0.7% and 2.4%, respectively. The most common first-line regimens are reported in [Figure 1](#f1-prom-6-053){ref-type="fig"}, that describes persistence (proportion on HAART therapies during follow-up) with specific drug combinations. Persistence is defined as any change in the initial regimen for whatever reason. Overall, statistical significance (*P*\<0.0001) was observed. In head-to-head comparisons, tenofovir + emtricitabine + ritonavir-boosted lopinavir persistence resulted significantly shorter. Overall, 256 patients (34.5%) received STR at some point in their therapeutic path. A total of 192 hospital admissions were registered for the whole cohort over the study follow-up period. The reasons for hospital admission are reported in [Figure 2](#f2-prom-6-053){ref-type="fig"}, and the costs of each hospital admission were calculated according to the Italian reimbursement system (Diagnosis-Related Group). The most common chronic non-antiretroviral therapies were for hypertension (3.3% of patients) and diabetes (1.5%).

Cost-effectiveness analysis
---------------------------

The cost-effectiveness analysis was based on a utility score (QALYs) according to variation in CD4 cell counts and HIV-RNA levels. Application of HAART induced a constant increment of mean CD4 cell count in treated patients that paralleled the increasing percentage (over time) of patients with a blood HIV-RNA level below the detection limit (50 copies/mL, [Figure 3](#f3-prom-6-053){ref-type="fig"}).

The first analysis performed considered whether the CD4 level at which HAART was started did affect cost-effectiveness. Patients were categorized according to their CD4 count, consistent with the current guideline recommendations for starting HAART. Starting therapy at a CD4 count above 351 cells/μL was more cost-effective than starting it at a much lower CD4 threshold (\<201 cells/μL, [Table 2](#t2-prom-6-053){ref-type="table"}). The same was not true comparing current indications with the possibility to start HAART at any CD4 value (eg, \>500 cells/μL). In this case, the mean yearly cost per patient ranged from €8,405 (351--500 CD4/μL group) to €9,105 (\>500 CD4/μL group); the increment in QALYs was very limited 0.004 (from 0.939 to 0.943), resulting in an ICER of €199.130, far above the threshold to define the intervention as cost-effective.

On the other hand, when different HAART regimens were considered, STR invariably dominated over any other therapeutic approach, independent of the definition of STR ([Table 3](#t3-prom-6-053){ref-type="table"}). If we consider in our analysis all patients treated once daily with efavirenz-based HAART who then switched to STR and all patients on any HAART regimen who then switched to STR we can see less cost and better effectiveness (QALYs) in all patients switched to STR, which as a simplification option becomes the dominant strategy when compared with other options ([Figure 4](#f4-prom-6-053){ref-type="fig"}).

Discussion
==========

Delayed initiation of HAART has been correlated with an increased risk of death, and unexpectedly, with lower tolerability of antiretroviral medication.[@b1-prom-6-053] In addition to the clinical advantages at the individual level, early HAART may be a tool to control the spread of the HIV epidemic.[@b8-prom-6-053],[@b12-prom-6-053] Initiating HAART at lower CD4 counts has been shown to be associated with increased costs.[@b13-prom-6-053],[@b14-prom-6-053] Our data confirm these findings and indicate that, from the economic point of view, current indications regarding when to start HAART are cost-effective. However, we found that increasing the CD4 threshold for starting HAART above 500 cells/μL only minimally improved QALYs, so did not justify the incremental cost of such a strategy. A possible limitation of this interpretation is that we evaluated costs only on the basis of individual outcomes and quality of life, but the picture might change when including population effects.[@b12-prom-6-053] As an example, widespread early initiation of HAART could influence the prevalence of highly infective subjects and change the trend of the epidemic, lowering the number of new infections and therefore making such an approach more cost-effective. Although "when" to start HAART yielded conflicting results, in our experience the "how" question showed a clear-cut picture.

The options for initial therapy in treatment-naïve adults with confirmed drug-susceptible virus continue to expand, with development of new drugs and coformulations.[@b4-prom-6-053] Because therapy is expected to be continued indefinitely, the optimal choice of the initial regimen is based on several characteristics having as a reference either the patient (convenience, potential toxicities, and tolerability), the virus (maximal, lifelong suppression of HIV replication to prevent emergence of resistance, facilitate optimal immune recovery, and improve health), or the health care system (sustainability). Treatment simplification has been considered as a way to address most of the variables with regard to the patient and the virus.

Parienti et al[@b15-prom-6-053] investigated treatment adherence with once-daily regimens in a meta-analysis that included eleven randomized controlled trials with a total of 3,029 subjects. Adherence rates were slightly higher with once-daily regimens (+2.9%; 95% confidence interval, 1.0--4.8; *P*=0.003) than with twice-daily regimens. The effect was more relevant for HAART-naïve patients and when all medications were taken once daily. More recent studies comparing once-daily regimens with more frequently dosed regimens continue to support the positive impact of once-daily regimens on HAART adherence.[@b16-prom-6-053]--[@b21-prom-6-053] Pill burden is also an important factor affecting both adherence and quality of life.[@b9-prom-6-053] Dosing frequency and pill burden have been identified as relevant parameters for treatment persistence.[@b22-prom-6-053] Distinct from but related to medication adherence, persistence reflects the duration of time from initiation to discontinuation of therapy, and can be measured at the regimen or patient level. In developed countries, improved regimen persistence, or durability, has been observed with regimens dosed once daily and containing fewer pills.[@b23-prom-6-053] Although the clinical benefit of simple HAART regimens has been demonstrated, data on cost-effectiveness are still lacking and mostly refer to mathematical models or cohort studies with limited follow-up.[@b24-prom-6-053]--[@b26-prom-6-053] Our study enrolled a fairly large number of patients who were followed for a consistent period of time. Further, the time frame allowed for eligibility enabled us to exclude patients treated with antiretroviral regimens that are no longer recommended by current guidelines. Under these circumstances, simple, convenient one-pill-a-day regimens can be considered cost-effective[@b27-prom-6-053] and usually dominate control regimens, making their use worthwhile even on the basis of a budget impact analysis. Use of STR since the beginning of treatment was also cost-effective compared with different switch or simplification strategies.

We recognize that our study has some limitations. The most important one concerns the quality of data entered into the analysis. Parameters such as utility scores are based on studies with a limited time frame and may be inadequate for modeling the lifelong treatment of a chronic disease. As an example, the improvement in quality of life was derived from a clinical study within a 6-month time horizon and was extended to the entire follow-up period. In other cases, the utilities entered into the model had to be derived from different literature sources[@b11-prom-6-053] dealing with groups of patients and populations that could differ from our cohort, but that were considered as applicable to the Italian population.[@b10-prom-6-053] For this reason, changes in the utilities deriving from the switch to an STR were examined by a rigorous probabilistic sensitivity analysis which identified their limitations and ranges of variation. Another limitation was the size of the patient sample in this analysis; however, compared with similar research,[@b28-prom-6-053],[@b29-prom-6-053] our sample was 741 versus 474 and 194 patients, and our time horizon was 6 years instead of 4 and 2 years; in spite of these increases in sample size and duration of observation, our pharmacoeconomic analysis still confirms a cost reduction per HIV-infected patient treated with STR versus other regimens. Apart from the above-mentioned limitations, the results presented here try to give a pharmacoeconomic answer to the questions of when and how to start HAART. Results such as ours, derived from pharmacoeconomic analysis, need to be coupled with constant monitoring of real practice addressed to recognize the precise economic value of any pharmaceutical innovation or strategy. In spite of its limitations, pharmacoeconomic analysis plays a strategic role when establishing priorities in the allocation of resources. We believe that, by collecting appropriate clinical data and integrating them with economic variables, our study allowed us to obtain a more accurate estimate of the cost-effectiveness ratio of the various first-line treatment strategies for HIV-infected patients and provides significant evidence to be used in future prospective pharmacoeconomic evaluations.
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###### 

Characteristics of enrolled patients

  Variable                         Number or mean   Percentage or SD
  -------------------------------- ---------------- ------------------
  Sex                                               
   Male                            552              74.5
   Female                          189              25.5
  Age (years)                      39               10
  Origin                                            
   Italy                           537              72.5
   Sub-Saharan Africa              103              13.9
   South America                   33               4.4
   Europe                          30               4.0
   North Africa                    22               2.9
   Other                           16               2.3
  CDC classification                                
   Group A1                        99               13.4
   Group C                         195              26.3
   CD4+ T-cells (cells/mm^3^)      266              299
   Patients with CD4+ T-cells      216              29.1
   \<100 cells/mm^3^                                
   Baseline HIV-RNA (copies/mL)    192,821          344,744
  Patients with baseline HIV-RNA                    
   \>100,000 copies/mL             297              40.1
   \>500,000 copies/mL             84               11.4

**Abbreviations:** CDC, Centers for Disease Control and Prevention; HIV, human immunodeficiency virus; SD, standard deviation.

###### 

Cost-effectiveness analysis for baseline pre-HAART CD4 counts

  Baseline CD4   Patients (n)   C        E       C/E      ΔC         ΔE      ΔC/ΔE      ΔC/ΔE
  -------------- -------------- -------- ------- -------- ---------- ------- ---------- ----------
  \<201          331            €8,938   0.915   €9,771   --         --      --         --
  201--350       142            €8,185   0.937   €8,736   −€753.36   0.022   Dominant   --
  351--500       60             €8,405   0.939   €8,948   −€532.86   0.025   Dominant   --
  \>500          39             €9,105   0.943   €9,658   €167.42    0.028   €5,954     €199,130

**Note:** "Dominant" less costly and more effective.

**Abbreviations:** HAART; highly active antiretroviral therapy; ICER, incremental cost effectiveness ratio; QALYs, quality-adjusted life years.

###### 

Cost-effectiveness analysis for different treatments

  Treatment                      Patients (n)   C         E       C/E       ΔC       ΔE       ΔC/ΔE
  ------------------------------ -------------- --------- ------- --------- -------- -------- -----------
  TDF + FTC + EFV → switch STR   219            €7,701    0.931   €8,274    --       --       --
  PI/rtv OD-based HAART          164            €10,976   0.927   €11,838   €3,275   −0.004   Dominated
  PI/rtv BID-based HAART         158            €10,735   0.923   €11,636   €3,033   −0.008   Dominated
  Other HAART                    191            €8,772    0.930   €9,435    €1,071   −0.001   Dominated

**Note:** "Dominated" more costly and less effective.

**Abbreviations:** ICER, incremental cost-effectiveness ratio; TDF, tenofovir; FTC, emtricitabine; EFV, efavirenz; STR, single-tablet regimen; QALYs, quality-adjusted life years; BID, twice daily; OD, once daily; HAART, highly active antiretroviral therapy; PI, protease inhibitor; RTV, ritonavir-boosted.
